The aim of the present meta-analysis was to systematically examine the literature and to identify of the results of randomized controlled trials (RCTs) comparing the efficacy and safety of regional anesthesia (RA) versus general anesthesia (GA) for percutaneous nephrolithotomy (PCNL). An exhaustive electronic literature search of PubMed, Embase, and Web of science was performed until March 2018. Nine prospective RCTs concluding 858 patients comparing the use of RA to GA for PCNL were included. Combined results demonstrated that PCNL under RA could reduce operative time (mean difference [MD] -6.20; 95% CI -10.39 to -2.01), hospital stay (MD -0.59; 95% CI -0.74 to -0.45), visual analgesic score on the first and third postoperative day (MD -2.62, 95% CI -3.04 to -2.19 and MD -0.38; 95% CI -0.58 to -0.18) , analgesic requirements (MD -36.84; 95% CI -55.23 to -18.45), and nausea and/or vomiting (relative risk [RR] 0.28; 95% CI 0.13-0.61). There were no significant differences between RA and GA groups in terms of stone-free rate, blood transfusion, and postoperative fever rate. The results of subgroup analysis were basically consistent with the overall findings. Current evidence suggests that RA is an available and safe option in carefully evaluated and selected patients.
Introduction
Percutaneous nephrolithotomy (PCNL), first reported by Fernstrom and Johansson [1] , has gradually become a preferred therapy modality for the management of large and complex urinary stones in the last 2 decades [2] [3] [4] . Additionally, PNCL can be used in patients with failed extracorporeal shockwave lithotripsy and ureteral endoscopy [5] [6] [7] . Urologists have modified their techniques in recent years to improve safety and efficacy and decrease morbidity. Recently, the PCNL procedure can be safety carried out under both general anesthesia (GA) and regional anesthesia (RA), such as spinal anesthesia (SA), combined spinal epidural anesthesia (CSEA), and epidural anesthesia (EA). Normally, the special advantages of GA in PCNL procedure may be due to its feasibility to control breathing and improve comfort for the patients. However, there are some complications associated with GA such as atelectasis, drug reactions, postoperative nausea, or/and vomiting [8, 9] . Furthermore, the patients cannot accept GA because of several comorbidities or lower costs. In recent years, a large number of randomized controlled trials (RCT) have indicated that under RA has some potential advantages over GA [10, 11] , but the conclusions have not been completely consistent. There-
Inclusion and Exclusion Criteria
The retrieved articles were gathered and reviewed independently by 2 investigated R.D. and S.H., and any discrepancies were settled by consensus after discussion with a third reviewer (X.L.). Studies were included if they met the following criteria: (1) RCTs; (2) Studies comparing the efficacy and safety of PCNL under RA versus GA; (3) Studies provided accurate data for analysis; (4) Access to full text; (5) at least one of the following clinical outcomes: operative time, hospital stay, Blood transfusion, postoperative analgesic requirement, postoperative pain score, stone free rate, or major complications (Nausea and/or Vomiting, Fever). The exclusion criteria were as follows: (1) review articles, commentaries, letters, or observational studies; (2) non-RCTs; (3) unable to extract adequate data from the publication.
Data Extraction and Quality Assessment
The following data from each included study were extracted independently by 2 reviewers (X.L. and G.H.): first author, publication year, country, interventions, number of patients, age, gender, body mass index, stone size or stone area, and clinical outcomes of interest (operative time, hospital stay, stone-free status, blood transfusion, Intraoperative Hypotension, postoperative pain score (visual analog scale [VAS] ), postoperative analgesic requirements nausea and/or vomiting, and fever). Furthermore, the quality of each included study was independently evaluated by 2 investigators (S.H. and R.Z.) according to the Cochrane Collaboration risk-of bias tool [12] . The following domains were included: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other bias. When necessary, any disagreements were solved by discussion with a third reviewer (R.D.).
Statistics and Data Analysis
The data analysis was performed using the fixed-effects model or random-effects model according to statistical heterogeneity with Review Manager Software 5.2. Relative risk (RR) was used to evaluate dichotomous outcomes and continuous outcomes were evaluated using mean difference (MD). All the results were presented as 95% CI. The chi-square test and the I 2 statistic were used to evaluate the percentage of variance attributable to study heterogeneity. If the heterogeneity did not exceeded 50% (I 2 < 50%), the fixed-effected model was used to calculate pooled estimates. However, when any heterogeneity existed (I 2 > 50%), we applied the random-effects model. Funnel plots were carried out to evaluate publication bias.
Results

Study Characteristics and Quality Assessment
The literature search process is shown in the Figure 1 . A total of 238 relevant articles were systematically identified from initial searches of the electronic database. According to the inclusion and exclusion criteria, 135 were excluded after reviewing the titles and abstracts, and 5 articles were further excluded after carefully reading the full text. Finally, 9 RCTs [9] [10] [11] [13] [14] [15] [16] [17] [18] were included in this meta-analysis and consisted of 428 patients who underwent RA and 430 patient who underwent GA. Table 1 presents the basic characteristics of studies included in the meta-analysis. The review authors' judgments regarding the risk of bias across all of the RCTs are summarized in Table 2 . Operative Time Nine studies [9] [10] [11] [13] [14] [15] [16] [17] [18] evaluated the operative time. The overall summary effect showed that the RA group required less operative time than GA group with a statistically significant difference (MD -6.20 min; 95% CI -10.39 to -2.01; p = 0.0002; I 2 = 84%), which was pooled using the random-effects model due to the higher heterogeneity rate observed among the studies (Fig. 2a) .
A subgroup analysis was performed to compare the effect of 3 regional analgesic styles (SA, CSEA, and EA) and GA on operative time. The MDs for the CSEA versus GA, 
Hospital Stay
As shown in Figure 2b , 5 studies [9, [13] [14] [15] [16] reported hospitalization data. The pooled analysis of these studies via the fixed-effect model revealed that the RA group was charged with a shorter hospital stay than the GA group (MD -0.59 days; 95% CI -0.74 to -0.45; p < 0.00001; I 2 = 34).
A subgroup analysis was performed to compare the effect of 3 regional analgesic styles (SA, CSEA, and EA) and GA on hospital stay. The MDs for the CSEA versus GA, EA versus GA and SA versus GA groups were -0.68days (95% CI -0.85 to -0.51; p < 0.00001; 2 studies), -0.42 days (95% CI -0.151 to 0.67; p = 0.45; 1 study) and -0.28days (95% CI -0.61 to 0.04; p = 0.09; 2 studies) respectively.
Blood Transfusion
Six of the included studies [10, 11, [13] [14] [15] [16] reported data regarding the blood transfusion. The pooled analysis with the fixed-effects model showed no significant difference in the blood transfusion rate between the RA and GA groups (RR 0.85; 95% CI 0.51-1.41; p = 0.53; I 2 = 0; Fig. 2c) .
A subgroup analysis was performed to compare the effect of 3 regional analgesic styles (SA, CSEA, and EA) and GA on blood transfusion rate. There was no obvious difference in blood transfusion rate when SA versus GA (RA 0.92; 95% CI 0.51-1.67; p = 0.79; 4 studies), or CSEA versus GA (RR 0.80; 95% CI 0.24-2.71; p = 0.72; 1 study), EA versus GA (RR 0.54; 95% CI 0.11-2.69; p = 0.45; 1 study).
Stone-Free Status
As shown in Figure 3a , 6 studies [9, 10, 13-16] reported the stone-free status. The pooled analysis with fixedeffects model showed no significant difference in the stone-free status between the RA and GA group (MD 1.07; 95% CI 0.99-1.16; p = 0.10; I 2 = 21%).
A subgroup analysis was performed to compare the effect of 3 regional analgesic styles (SA, CSEA, and EA) and GA on stone-free status. There was no evidence of a significant difference in stone-free status when SA versus GA (RR 1.06; 95% CI 0.96-1.18; p = 0.26; 3 studies), or Postoperative Pain Scores Four studies [9, 13, 15, 17] reported postoperative pain scores estimated using the VAS. On analysis of these available data, it was found that the RA group had statistically significant lower postoperative pain scores at 24 h after surgery (MD -2.44; 95% CI -3.25 to -1.64; p < 0.00001) and at 72 after surgery (MD -0.38; 95% CI -0.58 to -0.18; p = 0.0002). However, there was no statistically significant difference between the 2 groups at 48 h after surgery (MD -0.82; 95% CI -0.206 to 0.42; p = 0.20; Fig. 3b ).
Postoperative Analgesia Requirements As shown in Figure 4a , 6 studies [9-11, 13, 17, 18] reported data regarding postoperative analgesia requirements. The pooled analysis with fixed-effects model showed that the postoperative analgesic requirement for the RA group was significantly lower than that for the GA group (MD -36.84; 95% CI -55.23 to -18.45; p < 0.0001; I 2 = 98%).
A subgroup analysis was performed to compare the effect of 2 regional analgesic styles (SA and CSEA) and GA on postoperative analgesia requirements. The MDs for the CSEA versus GA and SA versus GA groups were -142.60 (95% CI -163.40 to -121.80; 2 studies) and -7.19 (95% CI -12.39 to -1.99; p = 0.007; 3 studies) respectively. Nausea and/or Vomiting Six studies [9, 10, [14] [15] [16] [17] reported nausea and/or vomiting data. The pooled analysis with fixed-effects model showed that the RA group had a potential lower risk of nausea and/or vomiting than the GA group (RR 0.28; 95% CI 0.13-0.61; p = 0.001; I 2 = 40%; Fig. 4b) .
A subgroup analysis was performed to compare the effect of 3 regional analgesic styles (SA, CSEA, and EA) and GA on nausea and/or vomiting rate. The RRs for the EA versus GA, SA versus GA and CESA versus GA groups 
Fever
There were 4 studies [9, 10, 14, 16] that evaluated the fever rate. The pooled analysis with the fixed-effects model revealed no significant difference between the RA and the GA group (RR 0.77; 95% CI 0.51-1.17; p = 0.22; I 2 = 0; Fig. 4c ).
A subgroup analysis was performed to compare the effect of 2 regional analgesic styles (SA and CSEA) and GA on the fever rate. The RRs for SA versus GA and CSEA versus GA were 0.55 (95% CI 0.23-1.28; p = 0.16; 3 studies) and 0.89 (95% CI 0.56-1.43; p = 0.63; 1 study) respectively. Publication Bias A funnel plot was conducted to qualitatively evaluate the reliability of publication bias among the studies that compared surgical durations between the RA and GA groups. The funnel plot shown in Figure 5 is almost symmetrical, indicating no potential evidence of publication bias in the included studies.
Discussion
In recent years, great efforts have been made to decrease morbidity and improve efficacy and surgical outcomes of PCNL; however, the real impact of the anesthesia-type on PCNL outcomes has not been clarified precisely by urologists and anesthesiologists.
Therefore, we conducted a meta-analysis to evaluate the effect of anesthesia-type on the PCNL. Our analysis identified one study published during the 2 years since previous recent meta-analyses [19, 20] . The clinical utility of the 2 previous meta-analyses [19, 20] is uncertain due to in both included RCTs and retrospective study or cohort study with an increased risk of bias. In this present study, data from 858 patients who underwent PCNL from 9 RCTs were analyzed to compare the safety of GA and RA. It is well established that PCNL under RA was associated with significantly shorter operative time and hospital stay. Furthermore, lower postoperative pain scores, lower nausea and/or vomiting, and reduced analgesic requirements were observed in the RA group, and there was no obvious statistically significant difference in the postoperative fever rate, stone-free status rate, and blood transfusion rate. These results strongly indicated that PCNL under RA has some potential advantages over GA. The mean operative time was significantly shorter in the RA group than in GA group in our analysis. However, there was high heterogeneity (I 2 = 84%) observed among the studies. We speculated that the high heterogeneity may be due to each study calculated operative time using different criteria, and several studies did not state a clear definition of the operative time involved. Furthermore, the surgeon's experience and patient characteristics were likely the primary factors influencing operative time [21] .
Sugihara et al. [22] reported that longer operative time was associated with a higher risk of severe complications after PCNL. This meta-analysis showed that the frequency of nausea and vomiting in the RA group were lower than that in the GA group. Moreover, PNCL under RA has been indicated to be associated with decreased postoperative pain, which was further verified by lower analgesic requirements in the RA Therefore, the results of this meta-analysis indicated that the hospitalization period was significantly reduced in the RA group, which may be associated with well-tolerated early mobilization and lesser pain during the postoperative period. The hospitalization period plays a vital role in the evaluation of PCNL under RA. A shorter hospitalization period could decrease the costs of treatment and improve the quality of health care.
Although our meta-analysis indicates that RA offers several potential merits over GA, RA still has some defects. For example, there are many contraindications to RA, including raised intracranial pressure, and soft tissue or skin infection at the position of needle insertion. Furthermore, if the operative time is too long, the prone position leads to unbearable pain for patients under RA. Therefore, these are reminders of careful evaluation of a patient who will undergo PCNL before he or she can accept RA as the anesthesia method. Additionally, several potential limitations of our meta-analysis should be mentioned. First, we did not restrict the specific size of the stone as inclusion criteria because of the lack of data in some articles. Second, due to lack of adequate data in some studies, we did not evaluate other possible complications, except for those aforementioned results, including urinary leakage, postoperative headache, intraoperative hypotension, and so on. Third, there is no unification of the category and specifications of postoperative analgesia, which may result in a potential bias. Four, some included studies applied a tubeless technique, which may have an effect on the postoperative VAS score compared with patients who underwent the standard PCNL. Finally, although all of the included studies were RCTs, some of them did not elucidate the randomization, blinding allocation, and concealment methods, which might have resulted in a high risk of publication and reporting bias.
Conclusion
Despite the aforementioned limitations, the results of this meta-analysis indicated that both RA and GA are effective anesthetic techniques for PCNL in carefully selected patients. RA had similar efficacy to GA in terms of postoperative fever rate, stone-free status rate, and blood transfusion rate. Moreover, several potential advantages, such as shorter operative time and hospital stay, lower postoperative pain, reduced analgesic requirement, and nausea and/or vomiting, were observed in the RA group. We consider that RA might be an alternative to GA with experience and careful patient selection. However, larger high-quality multi-center longterm RCTs are required to validate our results in the future.
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